The major increase in the employment rate of married women while that of men remained almost unchanged is one of the most dramatic socioeconomic changes to have taken place during the last century. In this paper, we argue that shifts in social norms regarding household interaction in determining a married couple's labor supply can provide an explanation. Specifically, we formulate and estimate a dynamic discrete-choice labor supply model, assuming that there are two types of households -Classical and Modern. The Classical household follows a Stackelberg leader game in which the wife's labor supply decision follows her husband's already-known employment outcome. The Modern family is characterized by a symmetric and simultaneous game that determines their joint labor supply and has a Nash equilibrium. The family type -Modern or Classical -is exogenously determined when the couple gets married but is not observable for estimation. The model is estimated using the Simulated Moments Method (SMM) and data from the Panel Study of Income Dynamics (PSID) survey for the years 1983-93. The estimated model accurately predicts employment rates and produces a good fit of mean wages to the data. We estimate that 38 percent of families are Modern and that the participation rate of women in those households is almost 80 percent. The employment rate of women in Classical families is 10 percent lower than that while the employment rates of men is almost identical in the two household types. These results support our hypothesis that part of the increase in labor supply of married women may be due to an increase in the share of Modern families in the population.
Introduction
Female employment and participation rates increased dramatically during the last century, with farreaching social and economic implications. While the employment rate of married women more than doubled during the last fifty years, from 30 percent in 1962 to 62 percent in 2007 (Figure 1 ), the employment rate among unmarried women (single, divorced and widowed) remained almost constant at about 70 percent. 3 Furthermore, the employment and participation rates of males, whether married or unmarried, remained almost constant during the same period and exceeded those of comparable females. It would appear therefore that changes in family behaviour must be taken into account in order to understand female employment trends.
The dramatic change in employment rates among married women by age for the period can be seen in Figure 2 for the 1925 to 1975 cohorts. 4 The graph clearly shows that married female employment increased for all ages between the early cohorts and the baby boomers of 1945. The 1965 and 1975 cohorts show almost the same employment rate by age, though during the intervening years female employment increased among younger women (Buttet and Schoonbroodt, 2005) . The changes by cohort are attributed in the literature to observables variables, such as schooling, wages, fertility and marital status, as well as to changes in social norms, technological progress and other factors.
In this paper, we postulate an additional interpretation of the observed changes in the labor supply of married men and women. It is hypothesized that married couples are divided into two alternative types of households according to exogenously given social norms. Thus, the first type of household, which we call "Classical" (C), is characterized by an intra-family dynamic game in which the husband plays the role of a Stackelberg leader who takes the first move in each period while the wife relates to the husband's move as given. In the other type of household, which we call "Modern" (M), the couple's dynamic decisions are simultaneous and symmetric and the outcomes are determined according to a standard Nash equilibrium. The Classical household interaction follows Becker's approach in which females take their husband's labor supply as given. The Modern household interaction is based on the casual observation that such households are made up of two "independent" individuals. In addition, our aim is that female employment rates would be higher in a Modern household than in a comparable Classical household. 5 In the estimation, we assume that the type of household is unobserved with a given probability. As a result, the model can be used to estimate the effect of a change in the proportion of Modern households, which we attribute to changing social norms, on female employment.
The model consists of three endogenous labor market states: employment, unemployment and out of the labor force. Wage offers are given exogenously as a random outcome that follows a logit probability function and wage levels follow the standard Mincer/Ben-Porath wage equation.
Households are characterized by a common budget constraint and joint consumption where children consume a proportional share and are added randomly depending on the state of the household. Divorce is a potential exogenous event that occurs randomly, conditional on the household state.
We estimate the model using the Simulated Moments Method (SMM) and a PSID sample of 863 married couples who got married in 1983-4, for whom there is at most ten years of quarterly data. In order to focus on internal family interactions, we assume that all parameters are the same for both types of household. The estimated model provides a good fit to the trends in employment, unemployment, wages and other parameters of household labor supply and the estimated parameters are consistent with the theory and results presented in the literature. According to the results, the estimated employment rate of women in Modern households exceed that of women in Classical households by 10 percent, while the employment rate of men in each type of household is about the same. Since men have higher job-offer rates and higher potential wages, they have broader employment choices in both types of household. However, given the simultaneous choices in Modern households and the higher level of risk aversion among women, more women in Modern households choose to participate in the workforce and they also work more than their counterparts in Classical households.
An increase in the proportion of Modern households can provide an additional explanation for the increase in female labor supply and is consistent with the argument that changes in culture are responsible for the increase (see, Fernandez, 2007) . In Eckstein and Lifshitz (2011) , we found that only 62 percent of the increase in female labor supply among the 1925-1975 cohorts could be explained by observable characteristics (i.e. schooling, wages, children, divorce and marriage rates). The main factors proposed to account for this large unexplained portion are changes in the utility/cost of home production and the cost of bearing and raising children. 6 In Eckstein and Lifshitz (2011), we measured 6 The rapid technological progress in household production is the prime reason for the increase in female labor supply, according to and . Their main argument is that the introduction of labor-saving appliances associated with technological progress in the home sector may have enabled more women to enter the workforce. They also argue that the time spent on housework fell from 58 hours per week in 1900 to just 18 hours in 1975, thus making it much easier for married women with children to enter the workforce. Albanesi and Olivetti (2007) claimed that until the early part of the 20th century, women spent more than 60 percent of their prime years either pregnant or nursing. From 1920 until 1960, improved medical knowledge, advances in obstetric practices and the introduction of infant formula have reduced the time-cost associated with raising children and led to an increase in participation by married women with children. Attanasio, Low and Sanchez-Marcos (2008) studied the lifecycle labor supply of three cohorts of American women born in the 1930s, 1940s and 1950s. They found that the combination of a reduction in the cost of children and a narrowing of the gender wage gap can explain the increase in the labor supply of mothers. the magnitude of these changes that would account for the unexplained portion of the rise in employment rates of married women.
The rest of the paper is organized as follows: The next section presents a dynamic household labor supply model. Section 3 describes the PSID data and the estimation method. Section 4 presents the estimation results and the fit to the data. Section 5 discusses counterfactuals of the model and Section 6 concludes.
The Model
We assume that from the point in time at which a couple marries (t = 0), their household is being categorized as either "Classical" (C) or "Modern" (M), 7 which are treated as two unobserved types. The model solves for the labor supply of both the husband and wife. We assume that each period is divided into two sub-periods: during the first sub-period, an individual who is out of the labor force (OLF) or unemployed (UE) decides whether or not to search for a job. If s/he chooses to search, s/he receives at most one job offer and then decides whether or not to accept it. If s/he is initially employed (E), s/he can choose between OLF and E or s/he may be fired and become unemployed. Thus, there are three possible states during the second sub-period: E, UE and OLF.
In order to focus on the impact of the internal family game on household labor supply, we assume that utility functions, wage functions and job-offer rate parameters differ between husband and wife but are identical in both types of household. The empirical analysis must take into account that household type is unknown to the researcher, but known to the household members themselves. Therefore, the model is solved for each household twice during estimation -once for M and once for C -and then the value of the objective function is calculated separately for each. Thus, unobserved heterogeneity (Heckman and Singer, 1984) enters the model through the type of household and their respective intrahousehold games.
In each period t, from the wedding day (t = 0) until retirement (t = T), each spouse chooses an element a from her (his) choice set A, which contains at most three alternatives: employment (a = 1), unemployment (a = 2) and being out of the labor force (a = 3). 
When the wife is unemployed (a = 2) the utility from leisure, 
The individual can always choose to be at home, i.e. out of the labor force (a =3), even though there are other choice states available to him in each period t. Thus, the individual receives at most one job offer per period with its probability depending on the labor market state variables. We use the following specification for this probability: 
Note that the probability depends on the aggregate state of the economy as approximated by the variable year, which is a time trend. In addition, we assume that in each period the individual may lose his job with a probability that is negatively correlated with his accumulated experience and education and depends on the time trend. The probability function for being laid off is identical to (2.7) except that it has different parameter values.
We supplement the model with several given dynamic probabilities for demographic characteristics, whose expectations are potentially important in determining household labor supply.
The probability of having another child is a function of the woman's employment state in the previous period, the woman's age and education and those of her husband, the current number of children and the age of the youngest child (with the woman's age and number of children having a non-linear effect).
The probability of having an additional child is given by (as in Van der Klaauw, 1996) :
where ( ) ⋅ Φ is the standard normal distribution function. The probability of divorce is estimated as a function of how long the couple has been married (t), the current number of children, the woman's education and the employment states of both the woman and her husband:
The dynamic programming solution to the optimization problem is obtained by a process of backward recursion. In the terminal period T, we use a linear approximation of the value function in the final period, as follows:
The solution for the first sub-period within each period depends on the household type. Therefore, in what follows, we describe the solution of the game separately for each type of household.
The Classical Household (C) Labor Supply
The Classical household game is solved in three stages. In the first, the husband chooses whether or not to search. Let
( ) tH tH
V Ω be the maximum expected discounted lifetime utility given the relevant state
. In this stage, the husband solves the following value function:
are the maximum expected discounted utilities for each potential choice. Once the husband has chosen whether or not to search, he will know the realization of the utility shock to participation, 3 tH ε . However, since he does not actually search at this point, he does not know the realizations of 2 1 , tH tH ε ε . He also knows what his wife's choices will be and therefore calculates her expected choices and wage. If he chooses not to search, i.e., a = 3, then his utility is ( )
. If he does choose to search, he will receive a job offer with probability given by (2.7).
In the second stage, if the husband receives an offer he chooses whether or not to accept it. 10 In other words, he solves: 
where β is the discount factor.
The solution in each period first determines the optimal participation state, i.e. whether or not to search, which maximizes the wife's utility for each possible state of the husband (a = 1, 2, 3).
Subsequently, the husband maximizes his utility by making his labor supply choice, while taking into account his prediction of his wife's choices, which is identical to her own. Once the outcome of the husband's decision is known, the female labor supply is simply the state that maximizes her value function.
The Modern Household (M) Labor Supply
In the Modern household, the husband and wife make their decisions simultaneously. Each maximizes his/her own expected utility for each of his partner's potential choices using the true probabilities. This game has only two stages: in the first, the husband and wife choose whether or not to search and since they act simultaneously have the same state space, tj Ω . Therefore, in the first stage both solve the following value function:
As before, when they choose whether or not to search they know only the realization of 
Do Modern Wives Work More?
The main implication of the analysis is that wives in M households will work more than those in C households, even though there is no difference in the parameters of the woman's employment and participation choices according to type of household. However, we were not able to prove this result as a general analytical outcome and therefore used simulations of a two-period model in order to arrive at some conclusions. Based on the simulations, we found that for a female in an M household to work as much or more than a female in a C household, one of the following two sufficient conditions must be fulfilled: 13 1. Women earn less than men, with all other parameters being equal. 14 2. The risk aversion parameter is lower for women than for men, with all other parameters being equal.
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Thus, the main result depends on the difference in opportunities (wages) and preferences between men and women. The first condition can be explained by the fact that decisions in the M household are simultaneous. Therefore, the M wife reacts to the man's expected, rather than actual, employment and 12 Since, in theory, a solution may not exist, we checked this possibility using the estimated parameters and found that a solution does indeed always exists. 13 The sufficient conditions hold for certain values of the model's parameters which we consider to be reasonable. A full description of the results can be found at the website www.tau.ac.il/~eckstein/HLS/HLS_index.html. 14 For a low job-offer probability (0.7 or less), a wage gap of only 3 percent induces the C female to search only if her husband is unemployed while the M female always searches. For a higher probability, a larger wage gap is needed for this to occur. 15 The combination of a lower wage, a lower job-offer probability and higher risk aversion produces similar results. income outcome. However, in C households, the female knows her husband's actual income and will react only if the male ends up earning less than expected. In addition, men are expected to attain better outcomes than women. Hence, women in M households more frequently make the choice to work. The second condition implies that the more risk-averse wife in a simultaneous decision game (i.e. in an M household) will work more than if she was reacting to her husband's actual observed outcomes (as in a C household).
Data and Estimation
The data is taken from the PSID ( The data includes demographic and employment information on individuals and households, such as wages, working hours, unemployment (job search) and non-participation, as presented in Table 1 .
Thus, the employment rate (participation rate) of the women in the sample increased from 67.8 percent In order to determine whether the PSID sample is representative, we compared it to an equivalent CPS sample, which is presented in the last column of Table 1 . The CPS data is restricted to married males and females who were interviewed in 1984 and had the same age distribution as the PSID sample. The main difference between the samples is that the CPS consists of all individuals who were married in 1984 while the PSID sample consists only of individuals who were newly married in that year. While the husbands' characteristics and the wives' years of schooling are almost identical in both 16 We solve the recursive optimization backwards from the 11 th year of marriage and it is assumed to be a parameterized function of the state space in the 40 th quarter with the terminal value function given by equation (2.10).
samples, the couples in the CPS sample have more children and wives' participation and employment rates are lower. This is not surprising, given the shorter time that couples in the PSID sample have been married. It is interesting to note that the employment rate (out of the labor force rate) among women is 75.4 percent (21 percent) if their husband is working but only about 65 percent if he is unemployed or out of the labor force. In other words, a woman is more likely to be employed if her husband is employed than if he is unemployed or out of the labor force. To account for this in a model where both spouses endogenously determine their labor supply is an additional challenge to be dealt with.
Estimation
Estimation involves solving the model twice for each household, i.e. once for M households and once for C households, where the value of the objective function is calculated separately for each member of each type of household. 17 We treat the probabilities of the two types of household according to the standard non-parametric probability of constant proportions, π M + π C = 1 (see Heckman and Singer, 1984 17 In the model, we assume that the household type probability is a given parameter. In analyzing the results, we use the estimated model to correlate the posterior probability of each family with observables (Eckstein and Wolpin, 1999) .
We define the weighted vector of the two household types according to the assumed proportions, C π and
We denote the actual wage of the individual as 
be the vector of these 80 moments as follows: 
We define the vector of moments as ( )
The SMM is defined by the minimum of the objective function:
with respect to θ and C π , where the weighting matrix W is a diagonal matrix. The weight assigned to each moment is the inverse of the estimated standard deviation of the specific moment in the data. We find the estimated standard errors using the inverse of the Jacobian matrix.
Results
This section presents the SMM estimation results for the model. We first ask whether there are indeed two types of household. Or do all households Classical? The estimated proportion of Classical households is 0.61 with standard error of 0.027 (see Table 3 ). Furthermore, estimating the model by assuming that all households solve the Classical game increases the J value from 47.22 to 361.9 and assuming that all households solve the Modern game increases the J value to 693.3. Hence, using the standard test statistic (Newey and West, 1987) we reject the hypothesis that all households follow the Classical game or the Modern game in determining the couple's labor supply.
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In what follows, we first look at how well the estimated model fits the observed average employment states, the transitions between states and average wages by gender, conditional on the 18 It should be noted that one could allow for a more flexible form of Classical game (e.g., unobserved heterogeneity in utility and other parameters) in which case the hypothesis of a zero proportion of Modern households may not be rejected. estimated parameters. Given that the model provides a satisfactory fit to the data, we then interpret the estimated parameters. This then facilitates an analysis of the estimated model's counterfactual predictions (both within-sample and out-of-sample) for the labor supply of Classical and Modern households.
Goodness of Fit
The estimated parameters and assumed random errors were used to calculate the predicted proportions of the three labor market states in the sample. The calculations were done for all observed households that were each classified as M or C and averaged using the estimated proportions of household type. The model accurately predicts the trends and levels of actual wages for both females and males, except for the large outlier in actual real wages in 1993, which is the last year of the sample (see Figure   4 ). 21 Using a simple test for the equality of mean predicted wages for males and females we cannot reject the hypothesis that estimated and actual means are equal for the entire sample. Using the same test period by period, we reject the hypothesis for several periods, mainly for males. 22 In Table 3 , we report the predicted distribution of the wives' labor market states conditional on their husband's, both in the aggregate and by type of household. The predicted aggregate distribution is very similar to the actual one presented in Table 2 and the estimated model successfully captures the positive correlation between the labor supplies of a husband and wife. The correlation is stronger for Modern households than for Classical households, as can be seen from -4, 6-12, 14-16, 20, 33 and 37-40. Finally, it should be noted that the good fit of the estimated model to the data is not a complete surprise since these moments were used for the SMM estimation criterion.
Parameters (Table 4)
Women are more risk averse than men as can be seen from the risk aversion parameter ( W γ = 0.849 for women and H γ = 0.948 for males). 23 Furthermore, women attribute a higher value to leisure (home production) than men (9.2 vs. 8.2). Labor search costs are positive and the joint family parameters of utility from children (γ 1 and γ 2 ) have the expected signs (i.e. positive) and magnitudes.
Wages of both men and women increased substantially during the sample period ( Figure 4) . As a result, the estimated experience parameters in the wage equation are large and higher for the husband than for his wife. Interestingly, the estimated rate of return on a year of schooling is slightly lower for the husband than for his wife (0.81 vs. 0.87). In the sample, men have slightly less years of schooling than women (12.7 vs. 12.8) and as a result, the expected wage offer for a newlywed male is higher than that for his newlywed wife unless she has significantly more years of schooling than he does, which is unexpected given the assortive mating observed in the data (i.e. a correlation of 0.52 between the years of schooling of husband and wife).
The job-offer probability parameters are higher for men than for women, apart from the state of employment parameter (see Table 3 ). 24 In particular, males have higher job offer rates when they are unemployed and out of the labor force, and the time trend has a larger impact on them. In light of their higher job offer rates and higher wage offers conditional on the labor market state, the job market opportunities of husbands are superior to those of their wives.
The parameters of the exogenous processes of having children and divorce have the predicted signs (see Table 5 ). The probability of having another child decreases with number of children, parents' level of schooling and if the wife was employed in the previous quarter and increases with the ages of the parents. The probability of divorce increases (at a decreasing rate) with years of marriage, the wife's years of schooling and if she was employed in the previous quarter. Terminal values, estimated parameters and the estimated variance matrix of the three errors are presented in Table 5 .
Employment by Type of Household
The estimated parameters are consistent with the assumption that the husband's labor market opportunities and incentives are superior to his wife's and therefore his search intensity is greater. As a Table 5. result, the employment rate of husbands is much higher. As can be seen from Table 3 , the wife in a Classical household reacts to the outcome of her husband's search and thus is more likely to search if her husband is unemployed or is out of the labor force. In the Modern household, the wife searches simultaneously with her husband and, as a result of her risk aversion and the unknown outcome of her husband's search, searches more intensively. Thus, wives in the Modern household have a 10% higher rate of employment than those in the C household.
The predicted rates of employment and unemployment for women differ significantly between M and C households (see Figure 5) . Thus, the employment rate of C women is on average 9.7 percent less than that of M women and this gap remains almost constant over the sample period. The unemployment rate for C women is 3.5 percent, which is 0.6 percentage points less than for M women. This is primarily because C women search less intensively and therefore have a lower probability of not finding a job and becoming unemployed. Simple chi-square tests indicate that employment state distributions of C and M women are significantly different in all 40 quarters.
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By construction, all the parameters in the model are identical for the two types of households.
Hence, the differences in employment rates can only be due to which game the household plays. As explained above, the main difference between the two types of households is that an M household makes simultaneous decisions while the C household makes sequential decisions. This has implications regarding female employment opportunities. Thus, even with a higher degree of risk aversion one would expect that men's employment outcomes would differ less by type of household than women's.
One way to analyze the empirical content of the estimated unobserved household types is through the correlation of the estimated type probability of each household conditional on the observed employment outcomes (i.e. the posterior probability; see, for example, Eckstein and Wolpin, 1999) with household demographic indicators, such as a husband with less than 12 years of schooling, an AfroAmerican husband, a Protestant husband, residence in a rural area, etc. (see Table 6 ). Using standard
Bayesian conditional probability, we can calculate the probability for each household as to whether it is playing a game of type C or type M. Table 6 shows that an M couple is more likely to be younger, to have fewer children and to have a higher level of education and the head of the household is more likely to be white and Catholic. In addition, the probability that an M couple stays married for 10 years is lower than for a C couple. These results are consistent with our prior probabilities on the demographic characteristics of modern and classical households and therefore our confidence in the model's interpretation of the data is reinforced.
Counterfactuals
In this section, we use the estimated model to measure the potential increase in female employment due to a change in the rules of the game, i.e. in social norms, which determine the household's joint labor supply. This is done through three simulations: in the first, we assume that all households are of type C; in the second, we assume that all households are of type M and leave the employment opportunities of men and women as estimated, with the goal of measuring the potential marginal impact on employment; and finally, in the third, we in addition assume identical employment opportunities for men and women in terms of wages and job-offer rates.
Simulation 1: All households are Classical (Figure 6)
In this simulation, we assume that 100 percent of the households in the population are classical rather than the estimated proportion of 61.2 percent. As a result, the average predicted female employment rate decreases to 0.676 from the estimated rate of 0.71 while the predicted male employment rate remains almost the same (0.891 as compared to the estimated rate of 0.890). The decrease of 3.5% in the employment rate is due to women with employed husbands who choose to work under the modern specification, but choose not to search under the classical specification.
Simulation 2: All households are Modern (Figure 7)
In this simulation, we assume that 100 percent of the households in the population are Modern rather than the estimated proportion of only 38.6 percent. As a result, the predicted female employment rate increases to 0.77 from the estimated 0.71 while the predicted male employment rate remains almost the same (0.887 as compared to the estimated rate of 0.890). According to the predicted outcome of the simulation, even when the entire population consists of M households the male employment rate exceeds that of women by 11.3 percentage points. This is due to the differences in wages, job-offer probabilities and preferences, as explained above.
The results imply that changes in social norms over time, as represented by a change in the proportions of M and C households for different cohorts, may have had a large impact on the employment rate of married women, while hardly affecting married men. This potential result is consistent with the data (Eckstein and Lifshitz, 2011) . In addition to the assumptions of Simulation 2, we now calibrate the female wage function and joboffer probability parameters to the values estimated for men. As a result, the employment rate of women increases to 0.84 and that of men decreases to 0.88. Thus, male and female employment rates differ by only 3.2 percentage points in this case, which is due solely to differences in the utility function parameters. For example, the value of leisure is higher for women ($10 dollars per hour for women as compared to only $8.9 per hour for men). In addition, women have a higher level of relative risk aversion (i.e. a lower γ ) than men, as discussed above. In other words, the marginal utility from consumption is lower for women and therefore they require larger incentives to work outside the home.
Wages and job-offer rates are taken as exogenous here and we compare employment outcomes when social norms based on an M-type game maximize employment rates of married women.
Obviously, in equilibrium the change in labor supply would affect wages and job-offer rates. However, since we expect that preferences for leisure, consumption and household amenities differ between men and women, we would also expect differences in the distribution of employment outcomes, as is the case in a fully symmetric game like that in M households.
Concluding Remarks
A dynamic game model was estimated for household labor supply using PSID quarterly data on a sample of married couples who were tracked for at most ten years. The model allows for the couple to play one of two possible games: a standard game in which the husband is a Stakelberg leader who makes his decisions first and the wife reacts to his outcomes and a Nash game in which husband and wife play a simultaneous symmetric game. The households playing the former game are called Classical and those playing the latter game are called Modern. We assume that household type is distributed randomly and exogenously determined at the time of marriage. The model also assumes dynamic stochastic arrival of children and divorce which affect the couple's lifetime dynamic labor supply.
The estimation results indicate that 61 percent of the 1983-4 cohort of newlywed couples are of the Classical type and the hypothesis that all households are Classical is rejected. Furthermore, the estimated labor market state outcomes and wages provide a very good fit to the data. We find that the labor supply of men is not affected by the format of the game while the employment rate for women is lower by about 10 percent in Classical households than in Modern households.
Taking the view that the format of the game played in the household is dependent on its sociodemographic characteristics, we compute the posterior probabilities for each couple to be of a particular type. We find that the Modern household is more likely to be young, better educated and urban. In other words, the social norms reflected in a Nash symmetric game lead to an increase in the labor supply of women in Modern households while leaving that of their husbands unchanged, which is confirmed in the data. These results support the hypothesis that some of the increase in married female labor supply observed in recent decades may be due to changes in social norms that affect the way couples decide on their joint labor supply. To further investigate this hypothesis would require access to additional data on, for example, couples who married at different points in time in order to determine whether the proportions of household types is changing over time, as claimed here. Moreover, **** The estimated parameter is 0.455, the probability w as calculated as exp(0.455)/(1+exp(0.455)) and the standard error w as calculated using bootstrapping. 
